We measured palaeodirections and palaeointensities by the Thellier method on 93 samples from three of the Emperor seamounts: 20 from Detroit seamount (81 Ma), 48 from Nintoku seamount (56 Ma) and 25 from Koko seamount (48 Ma). Reliable palaeodirections obtained from three lava flows on Nintoku seamount give an average palaeolatitude of 32.7
I N T RO D U C T I O N
Since hotspots were first proposed as an absolute frame of reference (Morgan 1971) , their fixity with respect to the mantle has been a matter of discussion. For example, evidence from marine magnetic anomalies (Atwater 1989) , plate motion reconstructions (Norton 1995) and mantle flow modelling (Steinberger & O'Connell 1997) argues in favour of hotspot motion. Palaeomagnetism provides a way of testing the fixed hotspot hypothesis independently of any plate tectonics reconstructions: if the hotspot has remained fixed, the palaeolatitudes of seamounts in the Hawaiian-Emperor chain should match the present-day latitude of Hawaii. The Emperor chain is ideal because it extends from north to south. Previous work on the Emperor chain includes palaeodirections from Suiko seamount (Kono 1980a) and Detroit seamount (Tarduno & Cottrell 1997) . Four sites on Detroit, Nintoku and Koko Seamounts were drilled during Ocean Drilling Programme Leg 197 ('Motion of the Hawaiian Hotspot: a palaeomagnetic test') in 2001 July-August (Fig. 1) . On-board alternating-field demagnetizations gave palaeolatitudes that are statistically distinct from the present-day latitude of Hawaii for Detroit and Nintoku seamounts (Tarduno et al. 2002) .
A knowledge of the long-term variation of palaeofield intensity is essential for a complete description of the geomagnetic field. The most reliable method of determining palaeointensity is the ThellierThellier method (Thellier & Thellier 1959) because it reproduces the process of thermoremanent magnetization (TRM) acquisition by heating a sample in a laboratory field. However, numerous selection criteria have to be satisfied in order to ensure reliable palaeointensities. The palaeointensity database for the Late Cretaceous-Early Tertiary period constitutes mainly of data obtained by the Shaw method (Shaw 1974) , or by the Thellier-Thellier method, but with a restricted use of selection criteria assessing the reliability of the results (e.g. Briden 1966 ). The virtual axial dipole moments (VADMs) measured are in general low, but show a considerable dispersion. Thus it is important to acquire more palaeointensity data in this time range, making sure that all the selection criteria are obeyed.
In submarine basalts, the most abundant primary magnetic mineral is titanomagnetite, Fe 3−x Ti x O 4 , with x ≈ 0.6, usually containing Al and Mg impurities. Rock magnetic properties of seafloor basalts have been extensively studied (for example Smith & Banerjee 1986) . The oxidation of titanomagnetite at low temperatures (less than 250
• C) produces titanomaghemite. The original thermoremanent magnetization (TRM) is then replaced by a chemical remanent magnetization (CRM) of reduced intensity, but the direction of the TRM is preserved. This process is common in submarine basalts. As a result, there have been few studies of palaeointensity using submarine basalts and because of maghemitization these have probably yielded too low palaeointensity values (Dunlop & Hale 1976; Carmichael 1977) . However, Grommé et al. (1979) obtained reasonable palaeointensities both on fresh (unoxidized) samples and on somewhat oxidized (z ≈ 0.2) titanomagnetites. Kono (1980b) carried out palaeointensity measurements on basalts from the Emperor seamounts (Ojin, Nintoku and Suiko); almost all of his samples showed evidence of high-temperature oxidation of titanomagnetite but little or no low-temperature oxidation, and yielded reliable palaeointensity results.
In this paper we present palaeodirectional and palaeointensity determinations carried out using the Thellier-Thellier method on submarine basalts drilled on the Emperor seamounts during ODP Leg 197. We also report rock magnetic properties that help to assess the reliability of these determinations.
G E O L O G Y A N D S A M P L I N G
Hole 1203 was drilled on Detroit seamount (51.0
• N, 167.4
• E). Previous radiometric age data from basalt recovered from ODP Site 884 on Detroit Seamount indicates an age of 81 Ma (Keller et al. 1995) . The basaltic rocks recovered from hole 1203 are pillow lavas and thick vesicular pahoehoe lava flows. Hole 1204B is located towards the northern end of the summit platform of Detroit Seamount (51.1
• N, 167.5
• E). The basement consists of basalt that occurs as pahoehoe lava flows comprised of multiple lobes.
Nintoku seamount occupies a central position in the Emperor Seamount chain. Site 1205 (41.2
• N, 170.2 • E) is located 100 m southwest of DSDP Site 432, where previous drilling had recovered fairly unaltered basalt with stable remanent magnetic properties (Kono 1980c) . The reported radiometric age for alkali basalt flows from Site 432 is 55-56 Ma (Dalrymple et al. 1980) .
The last site drilled was on Koko seamount, lying at the southern end of the chain, approximately 200 km north of the bend in the Hawaiian-Emperor lineament. Drilling at site 1206 (35.0 • N, 172.1 • E) recovered mainly pahoehoe flows interbedded with a a units that show evidence of subaerial extrusion. The measured age of 48.1 ± 0.8 Ma (Clague & Dalrymple 1973 ) might be an underestimate because the dredge rocks used for the dating probably erupted during a post-shield phase of volcano eruption (Tarduno et al. 2002) .
We selected 67 samples for a first set of palaeointensity experiments: 15 samples from three different lava flows (five samples per flow) from hole 1203A; five from hole 1204B, all from the same lava flow; 32 samples from six lava flows from Nintoku seamount, and 15 samples from three different lava flows from Koko seamount. Alternating-field (AF) demagnetization of TRM, isothermal remanent magnetization (IRM) and anhysteretic remanent magnetization (ARM), and thin section observations, were used to select the flows that seemed to be the most favourable for palaeointensity determinations (Tarduno et al. 2002) . After carrying out Thellier experiments on this first set, we obtained 26 more samples from the lava flows that gave the most promising results: 16 from Nintoku and 10 from Koko. Cylindrical specimens 2.5 cm in diameter and 2.1 cm long were cut. All of the samples were oriented according to ODP conventions: the z-axis of the sample is downhole, parallel to the z-axis of the drill core and the x-axis is the line perpendicular to the split face (YZ plane) and directed into the working half of the drill core. Five samples were cut as cubes and given an arbitrary orientation, because they were too small to cut a whole minicore.
The sample identification follows ODP conventions. A complete identification number for a sample consists of the following information: leg, site, hole, core number, core type, section number and interval in centimetres measured from the top of the section. For example, a sample identification of '197, 1205A, 18R2, 16-18 cm' indicates a sample taken from the interval between 16 and 18 cm below the top of section 2, core 18 of hole 1205A during Leg 197. 'R' designates that this core was taken during rotary drilling. Since all the samples used for this paper were drilled during Leg 197, we have omitted the leg number from the sample names.
PA L A E O I N T E N S I T Y M E A S U R E M E N T S

Experimental procedure
We used the Thellier-Thellier method as modified by Coe (1969) . The samples were first heated to a temperature T and cooled in zero field. The vector difference between the remanence after this step and the remanence after the previous zero-field step gives the NRM lost. Then the specimens were heated again to the same temperature T and cooled in a laboratory field H lab = 40.0 ± 0.2 µT for the first set of samples, and 20.0 or 30.0 ± 0.2 µT for the second set samples of samples, depending on the anticipated palaeofield value. The vector difference between the in-field and zero-field remanences at the same temperature step is the pTRM gained. PTRM checks and pTRM tail checks (Riisager et al. 2000) were done every second step. Samples were heated in small temperature steps (between 12 and 25
• C, depending on the thermal behaviour of the samples). Temperatures at specific locations inside the MMTD furnace were reproducible to within ±2
• C. Each heating-cooling step required approximately 3-4 h. The samples were heated at a rate of 30
• C min −1 , held at the maximum temperature for 40 min, and cooled to room temperature at a rate of 30
• C min −1 . All the samples were heated in air. Bulk magnetic susceptibility was measured after each temperature step in order to detect mineralogical changes. The Table 1 . Palaeointensity results. Symbols are defined in the text. Samples with an asterisk are from the second set. best-fitting determination and statistical analysis of the results follow the least-squares fitting method described by York (1969) . The various parameters used as selection criteria are as follows. The number N of points contained in the segment chosen to determine the palaeointensity must be at least four. The parameter f that measures what fraction of total remanence was destroyed in the segment used for the palaeointensity determination must be more than one third. The quality factor S calculated from the least-squares fitting cannot exceed the quality factor defined for a 99 per cent confidence limit based on a χ 2 distribution (Yu et al. 2000) . The variation of bulk susceptibility over the temperature interval used for the palaeointensity estimate must be less than 15 per cent. The mean angular deviation (MAD) calculated from principalcomponent analysis (Kirschvink 1980 ) must be less than 15
• over the temperature interval used for palaeointensity determination. The angle α between the fitting line constrained through the origin and the direction of the characteristic remanent magnetization must be less than 15
• . The pTRM check reproducibility is tested by calculating the parameter:
where pTRM 1 and pTRM 2 are the first and repeated pTRMs, and pTRM total is the maximum pTRM in the temperature interval used for the palaeointensity measurement. We required the parameter P to be lower than 10 per cent for the acceptance of the palaeointensity estimate. We consider that pTRM tail checks are positive if the difference of intensity between the two heatings in zero field at the same temperature divided by the NRM is less than 10 per cent.
Results
17 samples gave reliable palaeointensity results (one from Detroit, 10 from Nintoku and six from Koko). Results are summarized in Table 1 . Two examples of Arai plots, susceptibility variations and Zijderveld plots are shown in Figs 2 and 3. The failure of more than 80 per cent of the samples is mostly due to mineralogical changes during the repeated heatings, as indicated by large susceptibility variations and non-repeatability of pTRM checks. For instance, we suspect that titanomaghemite in some samples inverted to strongly magnetized magnetite. This is confirmed by a very strong increase in bulk susceptibility as a result of heating. Most samples are characterized by a very narrow unblocking temperature range. A striking feature is the large variation in Curie temperatures and demagnetization behaviour that we observed both between seamounts and within one hole, revealing an important variation in Ti content and oxidation state. According to the thermal demagnetizations, Curie points typically vary between 250 and 550
• C.
PA L A E O D I R E C T I O N M E A S U R E M E N T S
The zero-field steps during the Thellier experiments allowed us to calculate palaeodirections for our 97 samples. Characteristic remanent magnetizations (ChRM) were determined using principalcomponent analysis. About one-third of the samples altered during heatings before a direction could be determined. We applied the following selection criteria. The maximum angular deviation must be less than 15
• . The angle between the ChRM and the ChRM constrained through the origin of the Zijderveld diagram must be smaller than the MAD. Finally, the susceptibility variations must be smaller than 15 per cent. 43 samples gave reliable palaeodirections according to these criteria. Next we averaged the inclinations for each unit using the method of McFadden & Reid (1982) for inclination-only data. Estimates of directional angular dispersion were transformed into estimates of pole dispersion using the formulae of Cox (1970) . Out of the 13 lava flows sampled for this study, only three, all from Nintoku seamount, yield reliable palaeodirections, with the confidence limit α 95 < 15
• and the precision parameter κ greater than 20 (Table 2) .
Each of these three lava flows belongs to a unit identified using visual core description while on board (Tarduno et al. 2002) . Samples named 27R4 belong to unit 12B, samples named 35R4 to unit 19B and samples named 41R4 and 41R5 to unit 26A.
The inclinations agree well with the results from AF demagnetization: −48.3
• ± 10.7
• for unit 12B against −62.9 • ± 15.9
• from AF demagnetization (Tarduno et al. 2002) ; −60.1
• ± 2.0 • for unit 19B against −64.9 • ± 7.7
• from AF demagnetization and −44.3 • ± 1.7
• for unit 26A against −45.3 • ± 5.1
• from AF demagnetization. Our small number of directions does not allow us to calculate an average for the site. However, our results are in general agreement with those from AF demagnetization (Tarduno et al. 2002) (Tarduno et al. 2002) .
M A G N E T I C P RO P E RT I E S
Room-temperature measurements
For all the samples, we measured natural remanent magnetization (NRM) and bulk magnetic susceptibility, and Koenigsberger ratio 
where H is the present-day field. We used the values given by the International Geomagnetic Reference Field for the present-day field (38. at Koko) (Barton 1995) . NRM values range from 0.70 to 15.01 A m −1 , but most are higher than 2 A m −1 . Bulk magnetic susceptibilities range from 157 × 10 −6 to 2900 × 10 −6 SI. NRM values and bulk susceptibilities are fairly consistent within lava flows but they show some important variations between flows, revealing differences in magnetic mineral concentration. Koenigsberger ratios are fairly high (between 1.82 and 48.31), indicating that for most of the samples induced magnetization is not important in comparison with the NRM.
Thin-section observations and microprobe analysis
In order to help identify magnetic minerals, we selected eight different samples for observations of thin sections in reflected light. Most of the sections contain large crystals, many of them being cracked. Some samples (1203A, 47R4, 50-52 cm; 1204B, 13R3, 46-48 cm; 1205A, 35R4, 56-58 cm) include skeletal crystals that are characteristic of rapidly cooled titanomagnetite or titanomaghemite (Fig. 4a) . This is expected for two of these samples because of their low unblocking temperatures, but quite surprising for the other sample, which has a high Curie point. We observed ilmenite exsolution in a few sections (1203A, 47R4, 50-52 cm; 1205A, 18R2, 16-18 cm; 1205A, 33R3, 30-32 cm; 1205A, 35R4, 56-58 cm) indicating hightemperature oxidation (Fig. 4b.) . The two thin sections from hole 1206 (1206A, 22R1, 127-129 cm 1 and 1206A, 41R1, 35-37 cm) are characterized by very small grains. Most of the time we could identify two or more phases, meaning that more than one magnetic mineral is present.
Two sections out of the eight correspond to samples that were so far considered as reliable results. The first one is 1205A, 18R2, 16-18 cm (Fig. 4b) . In the thin section, the crystals appear to be smaller than in other sections. The second one is 1206A, 22R1, 127-129 cm. The very small grain size observed in the thin section is consistent with the narrow distribution of unblocking temperatures.
We carried out electron microprobe analysis on the same samples used for thin section observations. In all the samples, Mg, Al and Si are present as impurities. Sample 1205A, 18R2, 16-18 cm has two magnetic phases: one contains almost no titanium and the other one has an ulvospinel fraction x around 0.55. One sample from the 1205A, 33R lava flow has little or no titanium at all. One sample from the 1206A, 22R lava flow contains a significant amount of chromite and some titanium, but the chromite is probably not magnetic. One sample from hole 1206 (in a lava flow where none of the palaeointensity results is reliable) again shows no Ti and is almost pure magnetite.
We also did microprobe analysis on a few samples that failed the palaeointensity experiment. The magnetic mineral composition ranges from Ti-free magnetite (or maghemite) to titanomagnetite (or titanomaghemite) with x around 0.6.
Thermomagnetic curves
High-field thermomagnetic curves were measured in air at the Institute for Rock Magnetism, University of Minnesota, using a vibrating-sample magnetometer (µVSM). We observed four types of curves (Fig. 5) . The first type (samples from flow 1205A, 27R4) is characteristic of moderately oxidized titanomagnetite (Fig. 5a ). It is difficult to determine the Curie point from the M s − T curve because the inversion starts before the Curie temperature of the original titanomaghemite is reached. For this reason, the Curie temperatures are estimated by extrapolation of the curve before inversion begins. We estimate the 'virtual' Curie temperature to approximately 250 • C. The ulvospinel fraction, x, is approximately 0.5 for this group of samples, estimated by comparing T C with the data of Hunt et al. (1995) . Further heating above 300
• C resulted in an increase in magnetization to a peak at temperatures of approximately 400
• C, indicating inversion to an unstable multiphase intergrowth (Özdemir & O'Reilly 1982) . On cooling, this product inverts to a stable final product with a Curie temperature of 530
• C. Inversion of titanomaghemite therefore takes place in two stages (Özdemir 1987) . The saturation magnetization of the final assemblage is twice as high as that of the starting titanomaghemite. Sample 1205A, 33R2, 94-96 cm also shows this behaviour, although the inversion is not as suggested.
The second type of thermomagnetic behaviour occurs in less oxidized titanomagnetites (1203A, 49R3, 79-81 cm and 1205A, 18R2, 16-18 cm) with a lower Curie temperature around 220
• C (Fig. 5b) . Such a Curie temperature corresponds to an x value around 0.45 (Hunt et al. 1995) . Further heating above 250
• C results in an inversion. The final product with a T C of approximately 500
• C has a stronger M s than that of the original titanomaghemite.
The third type of M s − T curve is characteristic of less oxidized titanomagnetites with low Curie temperatures between 760 and 200
• C (x values between 0.55 and 0.6). A typical thermomagnetic curve for this group (all the samples from hole 1206) is shown in Fig. 5c . The first-stage inversion is accompanied by a slight increase in magnetization at approximately 450
• C. On cooling, this product inverts to a final stable product with T C = 510
• C. The saturation magnetization of this iron-rich product is almost four times higher than that of the starting titanomaghemite.
The fourth type of thermomagnetic curves is characteristic of titanium-poor and iron-rich titanomagnetites (Fig. 5d) . Samples in this group have reversible M S (T) curves with a Curie temperature of 570
• C, indicating a composition very close to magnetite (x = 0.03).
Hysteresis parameters measurements
We measured room-temperature hysteresis parameters using a VSM at the Institute for Rock Magnetism. The results for the accepted samples of Table 1 are listed in Table 3 . According to the criteria defined by Day et al. (1977) , samples from holes 1203 and 1205 fall in the PSD category, whereas samples from hole 1206 fall in the SD category.
Low-temperature measurements
Low-temperature remanence measurements were made with an MPMS-2 SQUID magnetometer at the Institute for Rock Magnetism. First, samples were given a saturation isothermal remanent magnetization (SIRM) in a field of 2.5 T at 20 K and then warmed in zero field to 300 K. We also measured isothermal remanence cooling and warming curves. A new SIRM was produced by applying a 2.5 T field at room temperature, then cooled to 20 K and back to 300 K in zero field. Low-temperature remanence curves were measured on basalt samples that were successful in the palaeointensity measurements.
The SIRM warming and SIRM cooling/warming curves for sample 1205A, 41R5, 71-73 cm are shown in Fig. 6(a) (type 1) . The SIRM decay curve shows a sharp decrease between 20 and 50 K. In further heating above 70 K, the remanence decreases steadily with temperature. The broad remanence transition between 80 and 120 K is probably due to a small amount of titanium and other Table 3 . Magnetic properties of the accepted samples. Samples with an asterisk are from the second set. Underlined samples are the samples that did not show evidence of maghemitization. LT, low-temperature memory; M rs /M s , ratio of the saturation remanent magnetization over the saturation magnetization; H c , coercive field; H cr , remanent coercive field; Q n , Koenigsberger ratio. Numbers in parentheses next to the Curie temperature and to the low-temperature memory correspond to the type of thermomagnetic curve and low-temperature behaviour, respectively, as defined in the text. non-magnetic impurities such as Al 3+ or Mg 2+ . The composition of this sample is very close to magnetite, with a T C of 570
• C and an x value of 0.03 based on the thermomagnetic analysis (Fig. 5d) . Therefore, the broad remanence transition represents the Verwey transition of magnetite with impurities (Özdemir et al. 1993) . SIRM cooling and warming curves for the same sample are shown in Fig. 6(a) . The remanence decreased with cooling to 80 K and was temperature independent between 80 and 20 K. In warming from 20 to 80 K, the behaviour was completely reversible, but above 90 K, the remanence did not retrace the cooling curve but increased only slightly.
The remanence curves for the other samples from this lava flow are very similar to those of Fig. 6(a) . The SIRM memories (percentage of remanence remaining after low-temperature cycling) are between 59 and 62 per cent.
Representative low-temperature remanence curves for sample 1205A, 27R4, 72-74 cm are shown in Fig. 6(b) (type 2) . The low-temperature SIRM decreased almost linearly with increasing temperature between 20 and 200 K, then increased slightly with further warming to 300 K. In cooling from 300 to 20 K, the roomtemperature SIRM decreased steadily. As the sample was warmed from 20 K, the remanence traced the cooling curve between 20 and 150 K. At room temperature 15 per cent of the initial SIRM was demagnetized. The thermomagnetic behaviour of this sample is characteristic of medium-oxidized titanomagnetite with x between 0.45 and 0.5 (Fig. 5a) .
The isothermal remanence warming curve for sample 1203A, 49R3, 79-81 cm (the only successful sample from hole 1203) exhibits a broad peak between 40 and 120 K and then decreases with increasing temperature (Fig. 6c; type 3) . The shape of the SIRM demagnetization curve is very similar to that of synthetic titanomagnetite of composition x = 0.6 (Moskowitz et al. 1998) . The roomtemperature SIRM cooling curve for this sample is almost temperature independent, increasing slightly between 300 and 150 K. In further cooling to 20 K, the remanence dropped to 60 per cent of the original SIRM. The remanence retraces the cooling curve in warming from 20 to 200 K, then decreases with further warming to room temperature. About 80 per cent of the original SIRM remains at 300 K.
Samples from hole 1206 show interesting low-temperature behaviour (type 4). The SIRM decreases steadily with warming between 20 and 170 K. At 170 K the remanence becomes zero and changes its sign. In further warming above 170 K, SIRM is negative and continues to decrease. In cooling from 300 K, the roomtemperature SIRM decreases, passes through zero at 170 K and changes sign. The remanence decreases steadily with cooling to 20 K. As the sample is warmed from 20 K, the remanence retraces the cooling curve. The thermomagnetic analysis for this sample indicates the presence of titanomaghemite with a low T C = 160
• and an ulvospinel ratio of x = 0.6 (Fig. 5c) . In the future, we plan to carry out more experiments on samples from this lava flow in order to understand this puzzling behaviour.
Final results
Samples showing evidence of maghemitization are unsuitable for palaeointensity determination as the replacement of TRM by a CRM of reduced intensity will yield low palaeointensity values. Based on the rock magnetic properties detailed above, we can now eliminate from the final list of samples giving a reliable result: 1203A, 49R3, 79-81 cm; 1205A-18R-2, 16-18 cm; 1205A, 27R4, 60-62 cm; 1205A, 27R4, 72-74 cm; 1205A, 27R4, 97-99 cm; 1205A, Table 4 . Calculated effect of anisotropy on inclinations and palaeointensities. Symbols are defined in the text. Samples with an asterisk are from the second set. 33R3, 87-89 cm and all the samples from hole 1206. For all of these samples, the bulk susceptibility variations with heating temperature show important increases with heating, corresponding to the inversion of (titano)maghemite to magnetite. Finally, only four samples remain as truly reliable results. Submarine basalts are likely to be subject to shape anisotropy because they usually have high susceptibility and high NRM values. In strongly magnetized lava flows, topographic irregularities create magnetic terrain effects (Baag et al. 1995) . The effect of shape anisotropy created by the shape of the cooling unit on inclination values has been discussed by Coe (1979) . Dunlop & Zinn (1980) discussed the effect of shape anisotropy on palaeointensity values. The only way to have an estimate of the shape anisotropy in our case was by using theoretical calculations. We can calculate how much the palaeointensity deviation would be by assuming that the lava flows have the shape of thin, infinite sheets. This will give us an upper limit on the anisotropy effect.
The inclination deviation assuming a thin sheet is (Coe 1979) :
where I 0 is the 'true' inclination, i.e. the inclination assuming a spherical shape, I i is the inclination assuming a thin sheet shape (i.e. the measured inclination), and χ = k/Q, with k being the intrinsic susceptibility and Q is the Koenigsberger ratio. The intrinsic susceptibility can be calculated by (Coe 1979) :
where F is the ancient field measured, J is the intensity of NRM and N is the demagnetizing factor. 'True' inclinations are shallowed by less than 3
• compared with the inclinations measured, assuming that the lava flows are thin, infinite sheets. Now we can calculate the palaeointensity deviation: if F i is the field recorded in the presence of the demagnetizing effect, i.e. the measured palaeointensity,
with H 0 , Z 0 and F 0 being the tangential (vertical), normal (horizontal), and total 'true' fields, respectively. Palaeointensities are increased by 5-10 per cent when we correct for the anisotropy effect. Results are summarized in Table 4 . The remaining four results show a very good consistency. Palaeointensities are between 34.2 and 36.9 µT. The mean palaeointensity for this lava flow is 35.8 ± 0.6 µT. 
D I S C U S S I O N
The main problem in using submarine basalts for palaeointensity experiments is low-temperature oxidation of the titanomagnetites, which replaces TRM by CRM and results in too low palaeointensities. All the results that were considered reliable before thermomagnetic curves were measured but that did show evidence of maghemitization were extremely low, between 5 and 25 µT, which is 1.5-7 times smaller than the palaeointensities obtained from the non-maghemitized lava flow. This is in agreement with most other studies of palaeointensities with suboceanic basalts (for instance Grommé et al. 1979 with basalts from the Juan de Fuca Ridge or Carmichael 1977 with basalts from the Mid-Atlantic Ridge). Out of 13 lava flows sampled on three seamounts, only one (unit 26A of Tarduno et al. 2002) had not undergone low-temperature oxidation.
We calculated the virtual axial dipole moments (VADMs) associated with our palaeointensity values in order to compare them with VADMs measured on basaltic glass samples (Selkin & Tauxe 2000) (Fig. 7) . There are only five points in the time range 40-85 Ma. They are fairly dispersed, but all are consistently less than the present-day VADM. VADMs are calculated from:
where µ 0 = 4π × 10 −7 , R is the radius of the Earth, H a is the palaeofield intensity and θ is the palaeocolatitude calculated using the plate reconstruction from Yan & Kroenke (1993) . The average of the four good samples is (4.8 ± 0.1) × 10 22 Am 2 . Our data are very close to the average VADM from 0.3 to 300 Ma (4.6 ± 3.2 × 10 22 Am 2 ) calculated by Selkin & Tauxe (2000) using data from basaltic glass. This average does not vary a great deal over this time range (Selkin & Tauxe 2000) . Our data add important VADM values at 56 Ma. The trend of VADMs shows consistently low values, then an increase up to 8 × 10 22 Am 2 sometime between 56 and 72 Ma. However, we must recognize that we have so far too few data to advance any conclusions on the geodynamo regime in this time range.
C O N C L U S I O N S
Palaeointensity determinations by the Thellier method were carried out on a set of samples from three of the Emperor seamounts. Thermomagnetic curves and low-temperature behaviour of SIRM were also measured in order to identify the carriers of the magnetization and to assess the reliability of the magnetic recording in the successful samples.
Palaeolatitudes determined from the thermal demagnetization of three lava flows carried out during the Thellier experiment are different from the present-day latitude of Hawaii and support the hypothesis of a moving hotspot.
From the thermomagnetic curves, samples show a wide variety of titanium content between seamounts and between lava flows within the same seamount. The ulvospinel ratio varies from almost zero to approximately 0.6. From the low-temperature measurements, we see that low-temperature oxidation or maghemitization is quite frequent in these submarine samples, but did not occur in a homogeneous way in the lava flows.
Shape anisotropy plays a significant role in the magnetization of these submarine samples. The difference between anisotropycorrected and non-anisotropy-corrected palaeointensities is around 10 per cent on average.
Four samples out of 67, all from Nintoku seamount (56 Myr) gave ultimately reliable results. The other samples failed the experiment mostly because of mineralogical changes occurring during the heating steps, or because they were maghemitized, which would give too low palaeointensity values. Our final five VADM values are all lower than the present-day VADM, and very close to the average VADM for the period 0.3-300 Ma.
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